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Abstract 
Although oral hygiene is known to impact self-confidence and self-esteem, little is known 
about how it influences our interpersonal behavior. Using a wearable, multi-sensor device, 
we examined differences in consumers’ individual and interpersonal confidence after they 
had or had not brushed their teeth. Students (N = 140) completed nine one-to-one, 3-minute 
‘speed dating’ interactions while wearing a device that records verbal, nonverbal, and 
mimicry behavior. Half of the participants brushed their teeth using Close-Up toothpaste 
(Unilever) prior to the interactions, whilst the other half abstained from brushing that 
morning. Compared to those who had not brushed their teeth, participants who had brushed 
were more verbally confident (i.e., spoke louder, over-talked more), showed less nonverbal 
nervousness (i.e., fidgeted less), and were more often perceived as being ‘someone similar to 
me.’ These effects were moderated by attractiveness but not by self-esteem or self-
monitoring.  
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Oral Hygiene Effects Verbal and Nonverbal Displays of Confidence 
The oral care market includes products that associate their usage with psycho-social 
corollaries such as attractiveness, confidence, and being successful. This approach is 
unsurprising given the positive association of oral health with self-esteem (Macgregor, Regis, 
& Balding, 1997), well-being (Klem, Wing, McGuire, Seagle, & Hill 1997; McGrath, & 
Bedi, 2001), confidence (Dumitrescu, Dorgaru, & Dogaru, 2009), and first impressions 
(Kershaw, Newton, & Williams, 2008). However, these associations relate to studies of the 
long-term effects of oral health. It remains unknown whether or not an oral care product can 
bring about an immediate change in consumers’ self-esteem or social perception. As we 
describe below, research suggests this kind of immediate affect is plausible, since breath 
odor—as one aspect of broader general hygiene—serves both to inform our judgements of 
others but also our self-perception and its embodiment in behavior (Leary, Tambor, Terdal, & 
Downs, 1995). 
Existing research tends to rely on self-report to measure a product’s impact. This 
approach is valuable when the focus is internal perceptions (e.g., self-esteem; cf. Baumeister, 
Vohs, & Funder, 2007), but many of the assertions made about oral care products relate to 
consumers’ behavior. In recent years, it has become possible to measure subtle aspects of 
such behavior using small-scale sensor technologies (Pentland, 2008; Taylor, 2013). Studies 
have used sensors to identify factors as diverse as social triggers of personality-related 
aggression (Tomko, Brown, Tragesser, Wood, Mehl, & Trull, 2012), the accuracy of self-
knowledge (Tenney, Vazire, & Mehl, 2013), and suspects’ lying about a past event (Van Der 
Zee, Poppe, Taylor, & Anderson, 2019). Many of these studies observed differences in 
behavior that occurred outside of participants’ awareness, making these technologies ideal for 
capturing the subtle changes in behavior promised by oral care products. In this study, we use 
body worm sensors in a round-robin interaction design that examined changes in individual 
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and interpersonal behavior as a function of having the opportunity to improve personal oral 
hygiene immediately prior to interaction. 
Oral Hygiene and Behavior 
Oral hygiene and its manifestation as breath odor is an integral aspect of self-image 
(Nettleton & Watson, 1998), which acts as a ‘danger signal,’ ‘boundary maintainer,’ and 
implement for ‘impression management’ (Synnott, 1991). For example, McKeown (2005) 
found that 75% of patients explained their attendance at a breath odor clinic not with 
reference to their health but because stale breath had diminished their self-confidence and led 
them to feel insecure in social relations. Others have also reported breath odor leading to 
decreased confidence, including reduced self-esteem, increased social anxiety, and the onset 
of social phobias (Azodo, Osazuwa-Peters, & Omili, 2010).  
The reason why breath odor has a profound impact on confidence is likely to have 
social roots. Oral hygiene acts as one of a number of social signals that humans use to service 
their social relationships and social judgments (Dunbar, 1993). We learn to be sensitive to 
such cues at an early age (e.g., onset of embarrassment; Buss, Iscoe, & Buss, 1979) and they 
form part of what determines our judgments of others and how we act ourselves (Baron, 
1983; 1997). According to the ‘sociometer hypothesis,’ a person interprets the 
inclusionary/exclusionary cues shown by an interaction partner to form a perception of their 
social position, which then motivates their behavior (Leary, Tambor, Terdal, & Downs, 
1995). For example, how confidently a person acts within an interaction is a function of 
whether or not they perceive a need to act confidentially to maintain their social status, as 
judged from the social cues and their self-evaluation. Such behavior becomes magnified as a 
person becomes more conscious of the possibility that their poor hygiene is responsible for 
their experienced status. 
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A number of studies evidence these effects. For example, in their double-blind study 
of body odor, Roberts et al. (2009) gave men either a fragrant aerosol spray containing 
antimicrobial agents (treatment group) or an identical spray containing neither of these active 
ingredients (control group). After several days, the treatment group reported greater self-
confidence and self-perceived attractiveness compared to the control group. Moreover, a 
female panel who viewed muted video clips of both groups rated participants from the 
treatment group as more attractive than those from the control group, and their ratings of 
attractiveness were highly correlated with their ratings of confidence. Thus, the absence of 
the active spray led participants to behave nonverbally in a way that was perceived as less 
attractive, arguably because it appeared less ‘confident.’  
A similar set of relationships has been shown for verbal behavior. For example, 
people that have lower trait social anxiety and fear of negative evaluation are more likely to 
interrupt their conversation partners and pre-emptively take their turn in the conversation 
(Natale, Entin, & Jaffe, 1979). Efforts to increase confidence have been shown to attenuate 
these correlations by having an effect on the associated ‘confident’ behavior (Bogels & 
Voncken, 2008). More recently, manipulations of perceived cleanliness have been shown to 
affect judgments about, and behavior toward, others in a way that suggests an ‘embodiment’ 
of the stimuli in wider thoughts and behaviors (Xu, Bègue, & Busman, 2014; cf. Sagioglou & 
Greitemeyer, 2014). For example, cleanliness has been shown to reduce both the severity of 
moral judgments (Schnall, Benton, & Harvey, 2008) and the kinds of moral and political 
attitudes that participants report (Helzer & Pizarro, 2011). 
These examples, while not related to oral care directly, allow predictions about how 
people may react to breath odor. If people intuit that their breath odor will be recognized as a 
negative marker in an upcoming interaction, then they might become anxious and display this 
anxiety in their verbal and nonverbal behavior. Such an effect may become magnified when 
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their behavior is compared to a group who have had the opportunity to brush their teeth, since 
the act of removing the awkward social cue may promote confidence and its associated 
behaviors (Belmi & Neale, 2014). Thus, we predict: 
H1: Participants who have not cleaned their teeth will show lower nonverbal confidence 
than those who have cleaned their teeth.  
H2: Participants who have not cleaned their teeth will show lower verbal confidence than 
those who have cleaned their teeth. 
Interpersonal Behavior 
So far we have considered how oral hygiene affects the behavior of the individual 
consumer. However, some products suggest that their use will promote a preferred reaction 
from the consumer’s interaction partner. A product may deliver a functional benefit (e.g., 
fresh smelling breath) or its use may deliver a psychological benefit (e.g., increased 
confidence) that changes a person’s behavior (e.g., they become more assertive). Both of 
these scenarios imply that product use may affect interpersonal behavior.  That is, the product 
shapes the behavior of the consumer, which in turn affects the behavior of their interaction 
partner. 
The notion that external sensory stimuli can affect interpersonal behavior is firmly 
rooted in evolutionary accounts of human social cognition. These argue that aspects of 
human cognition have evolved to facilitate detection of, and response to, others who may 
cause us harm, or whose genetic fitness makes them an attractive companion (Schaller, 
2008). A growing number of studies have shown that participants will make adverse 
inferences about a target based on unpleasant or unexpected odors, as well as morphological 
anomalies, which may once have been symptomatic of parasitic infections (Marinova & 
Moss, 2014; Schaller & Duncan, 2007; Sorokowska, 2013). Such inferences appear to occur 
even when perceivers know that the anomaly is misleading (Duncan, 2005) or that their 
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response reflects an inappropriate stereotype (Sczensny & Stahlberg, 2002). Similarly, 
women show an olfactory preference for the odor of more symmetrical men, especially 
during their fertile period, suggesting that odor is one of many cues that informs sexual 
preference (Gangestad & Thornhill, 1998; Thornhill & Gangestad, 1999).  
While these findings suggest that a person’s odors can affect how we judge and act 
toward them, they say less about how knowledge of these effects may shape personal 
behavior (i.e., as the sociometer hypothesis predicts) nor how odor will shape behavior in an 
unfolding interaction. Indeed, there is an absence of research examining the impact of oral 
care products on partner behavior. In analogous areas, one behavior that has been repeatedly 
shown to be affected by attraction and willingness to engage is communication 
accommodation. Communication accommodation refers to the extent to which people adjust 
their speech, vocal patterns, and gestures to accommodate their interlocutor. When people 
seek to cooperate, they are sensitive and responsive to the behavior of their partner. Over 
time, their verbal and nonverbal behavior converges as they accommodate to one another’s 
behavioral patterns (Giles & Coupland, 1991). This leads them to over-talk and interrupt one 
another less as they follow the ‘rules’ of turn taking (Hargie, 2014). 
Accommodation is driven, in part, by behavioral mimicry, which is the “unconscious 
or automatic imitation of gestures, behaviors, facial expressions, speech and movements” (p. 
2381, van Baaren, Janssen, Chartrand, & Dijksterhuis, 2009). The occurrence of mimicry is 
often afforded to those who are attractive to self. For example, in two studies, Stel et al. 
(2010) manipulated the instructions participants received about the confederate they were 
about to observe in a videoed interaction. These instructions influenced participants a priori 
liking of the confederate, which in turn affected the degree to which participants mimicked 
how the confederate’s played with their pen, touched their face (Study 1), and their facial 
expressions (Study 2). Similarly, across two studies, Johnston (2002) showed that 
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participants mimicked the eating behavior of a confederate who was instructed to consume 
either a lot or little ice cream (i.e., participants monitored the confederate’s behavior as a 
social cue), but they only did so when that confederate did not have a visible social stigma 
linked to the behavior (i.e., whether or not they were obese). 
Johnston’s (2002) study is perhaps the closest analog to what we might expect to 
observe with a manipulation of oral hygiene. It is reasonable to anticipate that Johnston’s 
results could extend to non-visible social stigma such as breath odor, particularly if the odor 
impacts the way in which the consumer behaves. Thus, the ‘stigma’ of breath odor will lead 
interaction partners to accommodate the others’ behavior less, showing less verbal and 
nonverbal mimicry of the other partners’ behavior than they might otherwise show. We 
predicted: 
H3: Participants who do not clean their teeth will be interrupted more by their 
interaction partner compared to participants who do clean their teeth. 
H4: Participants who do not clean their teeth will attract less mimicry from their 
interaction partner compared to participants who do clean their teeth. 
Individual Differences in Effect 
An interesting possibility is that oral hygiene products may be more relevant to sub-
groups of the population who are especially concerned with how they appear to others. A 
number of interrelated constructs, which relate to personal and interpersonal behavior, seek to 
capture this concern. One is self-esteem, which is both influenced by oral hygiene (Leary & 
Terry, 2013) and a moderator of the degree to which people feel confident (Helmreich & 
Stapp, 1974) and act confidently (Buhrmester, Furman, Wittenberg, & Reis, 1998). A second 
is self-monitoring (Bechierer & Richard, 1978), which characterizes the extent to which 
people are concerned with, and act in response to, the impression others have of them, versus 
acting in ways consistent with their own internal beliefs regardless of social circumstance. 
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Thus, high-self monitors may be more aware of transient personal physiological 
characteristics, such as oral hygiene, and their reaction may be more extreme as a result. 
They are also more likely to use the information present in their social environment to adjust 
their self-presentation, suggesting that they may show greater changes in verbal and 
nonverbal behavior. We explore these two related individual differences as moderators of 
behavior in our experiment, investigating in each case whether or not there is a statistically 
significant interaction between the individual difference and our brushing manipulation. 
H5: Those highly conscious of their appearance to others will be more affected by not 
brushing their teeth than those less conscious of their appearance (i.e., being 
conscious of appearance will moderate the findings of H1 through H4). 
Method 
Participants 
One-hundred and forty undergraduate and postgraduate students (54 male, 86 female) 
studying at a UK University were paid £3 for completing the pre-trial and £12 for completing 
the main trial. Their participation in this study was approved by the University’s Research 
Ethics Committee. 
Materials 
To measure the impact of individual differences on behavior, we obtained pre-
experimental measures of how aware they are of their presentation to others (i.e., self-
monitoring), their level of self-esteem, and their attractiveness. We also asked, but do not 
report here, about participants’ self-construal (see Supplementary Materials for analysis). 
Self-monitoring. We used Lennox and Wolfe’s (1984; see Estow, Jamieson, & Yates, 
2007) Revised Self-Monitoring Scale to measure the degree to which a person is aware of 
their own presentation and the extent to which this influences others’ perception of them 
(e.g., “I have the ability to control the way I come across to people, depending on the 
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impression I wish to give them”). Participants were required to respond to 13 statements using 
a 6-point Likert scale, ranging from 0 (Strongly disagree) to 5 (Strongly agree). The scale 
showed good reliability (13 items;  = .760). 
Self-esteem. We used Heatherton and Polivy’s (1991) Current Thought Scale to 
measure participants’ current thoughts about their self-esteem (e.g. “I feel satisfied with the 
way my body looks right now,”). Participants were required to respond to 20 statement on a 
Likert scale ranging from 0 (Strongly disagree) to 5 (Strongly agree). Scores on this measure 
form three sub-scales: performance self-esteem (i.e., related to work performance); social 
self-esteem (i.e., related to public self-consciousness); and appearance self-esteem (i.e., 
related to body image). The measure showed good reliability on the self-esteem (n = 7 items; 
 = .750), social self-esteem (n = 7;  = .792), and appearance self-esteem (n = 6;  = .819) 
subscales. 
Attractiveness. To control for the effect of attractiveness on participants’ ratings of 
one another, 46 independent assessors rated each participant’s photo. Specifically, each 
assessor was asked to rate the attractiveness of each participant on a -100 to +100 Visual 
Analog Scale, where -100 indicated very unattractive and +100 indicated very attractive. The 
inter-rater reliability of these ratings was extremely high ( = .976). 
Procedure 
Figure 1 gives an overview of the research design. Participants were invited to take 
part in a study on “the social dynamics of brief interactions with strangers.” They were asked 
not to volunteer if under the age of 18 years, pregnant, breastfeeding, undergoing dental 
treatment, suffering from a condition that prevented normal tooth-brushing, had any form of 
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nasal congestion, or had a known sensitivity or allergy to ingredients listed in the 
International Nomenclature of Cosmetic Ingredients (INCI) list. 
Pre-trial. Approximately one week prior to the ‘Speed date interactions’ (see Figure 
1), participants attended a short pre-trial meeting with a member of the research team. After 
consenting to take part, participants posed for a passport-style photo whilst wearing a plain 
black t-shirt against a plain background. They then completed the self-construal, self-
monitoring, and self-esteem measures. On completion, participants were compensated £3 and 
given details of the Main trial. They were asked to refrain from eating spicy food, fish dishes, 
garlic, or drinking tea or coffee within one hour before the Main trial. They were also asked 
to not clean their teeth the morning of the Main trial, which occurred at 9:45am, and 
reminded to not take part if they were pregnant or allergic to any ingredient on our INCI list. 
Main trial. Participants attended the trial in groups of ten. On arrival, they were given 
a badge denoting a letter and they were seated apart to minimize pre-trial mingling. Once all 
participants had arrived, a researcher explained that they would be completing a series of 3-
minute, one-to-one interactions (i.e., ‘rounds’), in a similar fashion to speed dating, with the 
aim of “getting to know one another.” They were told that they would need to wear a black t-
shirt to standardize their appearance in the interactions. In reality, as well as standardizing 
appearance, requiring t-shirts provided a method for separating participants for the 
experimental manipulation. Specifically, participants were randomly assigned to a control or 
experimental group, each of which contained five participants with a mixture of males and 
females. Each group of five participants was instructed to follow a researcher to one of two, 
multi-cubical bathrooms to put on a black t-shirt in private. The use of two bathrooms was 
explained as a way to speed up the process of putting on the t-shirts. However, whilst in the 
bathroom, those randomized to the ‘experimental’ bathroom also cleaned their teeth using 
Close-Up toothpaste (Unilever). A researcher timed participants’ cleaning their teeth for one 
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minute using a stopwatch. These participants were not instructed to not mention the brushing; 
we did not want to raise suspicion about the manipulation. For the same reason, we did not 
ask participants to confirm that they had followed our pre-trial instructions to not eat 
particular food groups and not brush their teeth that morning. Instead, we used a set of post-
trial checks (described below) to ascertain the extent to which participants guessed the 
manipulation. 
After the manipulation, pairs of participants were directed to stand at one of five 
tables, where they were also each given a sociometric badge, an instruction sheet, and a 
questionnaire pack. The instruction sheet indicated the table to which each participant should 
move following each 3-minute interaction round. This ensured that every participant spoke to 
every other participant. The questionnaire pack contained a set of post-interaction questions 
that participants completed immediately after each round. The questions required participants 
to rate, on an 8-point scale, the degree to which they felt ‘nervous vs. relaxed’ and ‘confident 
vs. unconfident.’ It also asked their perception of the degree to which their partner felt 
‘nervous vs. relaxed,’ confident vs. unconfident,’ and ‘like me vs. different from me.’ 
Finally, it asked them to report how well they knew the person prior to the interaction. This 
latter question sought to control for the possibility that some participants may be acquainted. 
Once each item on the instruction sheet had been explained, participants were shown 
how to wear and switch on their sociometric badge. They were also familiarized with the 
sound of the bell, which would signal the start and end of each round. The series of 
interactions then began with participants working through iterations of talking to their partner 
for 3-minutes, completing a set of questions about the interaction, and moving to the next 
table as indicated on their instruction sheet, in order to begin the next round. After the final 
round, participants were asked to independently complete an experimental booklet, which 
included the Current Thoughts Scale (Heatherton & Polivy, 1991) as our measure of self-
Measuring Consumer Confidence   12 
esteem and four post-hoc questions: i) Who would you like to talk to again?; ii) Who is most 
similar to you?; iii) Who would you like to avoid in the future?; and, iv) What did you think 
was the purpose of this study? For the first three questions, participants were asked to 
indicate their ‘top-3’ ranking (i.e., the three people who they identified for the question). 
On completing the questionnaire packs, participants were asked to switch off and 
remove their sociometric badge and take off the black t-shirts. At this point a researcher 
debriefed the participants on the nature of the study and the toothpaste manipulation. The 
participants were then invited to enjoy a free continental breakfast and given £12 for their 
participation. Participants who had not cleaned their teeth were also given the opportunity to 
do so using a toothbrush and toothpaste that we provided. 
Measuring Behavior through Social Sensors 
Capitalizing on recent developments in wearable sensor technology, we measured 
participants’ social behavior by having each wear a sociometric sensor (Choudhury & 
Pentland, 2000). A sociometric sensor is a small cigarette-box sized device that is worn 
around the neck in the same way as a lanyard. It measures individual and interpersonal 
behaviors by way of four sensors: i) a microphone that records speech; ii) an accelerometer 
that measures the degree and direction of movement; iii) a Bluetooth transmitter that 
measures the proximity of multiple sensors; and, iv) an infrared transmitter that measures 
when two sensors (i.e., sensor wearers) are facing one another. Once activated, the sensors 
provide a time-synchronized recording of the sensor outputs at a minimum of one per second. 
Dependent variables. The data recorded from the four sensors can be translated into 
useful measures of social behavior (see Olguin Olguin, Gloor, and Pentland, 2009, for a 
review). We focused on two pairs of measures relevant to our hypotheses. For verbal 
confidence, we focused on participants’ assertiveness and participants’ speech 
accommodation. We used speech volume as a marker of individual assertiveness (Page & 
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Balloun, 1978), measured as mean speech volume modulation per minute by the badge’s 
onboard microphones and band-pass filters. We used speech overlap (i.e., the degree to which 
a participant speaks at the same time as their partner) as a marker of accommodation, 
measured by cross-comparing the microphone data to derive an average count per 
millisecond in which both the participant and their partner were both talking. This approach 
is modeled on Kim, Chang, Holland, and Pentland (2008), who found these data allowed the 
identification of who amongst a group of badge wearers was dominant within the interaction. 
In relation to nonverbal confidence, we focused on participants’ body movement and 
their movement mimicry. Previous work has shown that less overall body movement is 
associated with lower stress (Yano, Ara, Moriwaki, & Kuriyama, 2009) lower social anxiety 
(Schlenker & Weigold, 1992), and perceptions of confidence (Ambady & Rosenthal, 1993). 
We measured body movement using the acceleration signal vector magnitude derived from 
changes in each axis of the sensor’s 3-axis accelerometer (Olguin Olguin, Gloor, & Pentland, 
2009). Our focus on movement mimicry sought to measure the degree to which movements 
by one actor were replicated by similar degrees of movement by the other actor (Kim, Chang, 
Holland, & Pentland, 2008). We measured mimicry by using a cross-comparison of the body 
movement scores to derive a single correlation that reflected the similarity of movement. This 
measure is modeled on Kalimeri, Lepri, Kim, Pianesi, and Pentland’s (2011) work, which 
demonstrated the importance of considering relative movement between interactants when 
measuring confidence and social influence.  
Although our mimicry measure has been used in previous studies successfully (Kim et 
al., 2008; Parker, Cardenas, Dorr, & Hackett, in press), we assessed its relationship to 
mimicry as perceived by human observers. We had three independent coders (the coders 
were blind to the study hypotheses but familiar with nonverbal mimicry) rate the degree of 
mimicry for participants across 11 sessions. Each session was video recorded (no audio), and 
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coders were asked to rate interactions on a scale from 1 (no evidence of mimicry) to 9 
(significant mimicry). The coding of mimicry showed a positive but negligible correlation 
with our body movement measure of mimicry, Mean r = .088, Range: -.063 - .222, and our 
measure of posture mimicry, r = .084, Range: .025 - .164 (note: the coder scored only overall 
mimicry and did not assess posture mimicry separately). This finding is consistent with other 
comparisons of subjective and objective interaction synchrony measures (Nelson, Grahe, & 
Ramseyer, 2016). As recognize by Ramseyer and Tschacher (2011), objective measures such 
as ours are limited to measuring dynamic synchrony (i.e., coordination of movement), 
thereby overlooking both the ‘static’ mirroring of specific gestures and the subjective 
impression of holistic synchrony that judges may use to guide their coding. Consistent with 
this possibility, we observed a significant relationship between the coder’s ratings and 
postural movement, Mean r = .195, Range: .100 - .265, implying that their judgements were 
in part related to participants’ movements in a way not apparent to the sociometric badges. 
Results 
Although 140 students took part in the trial, data from 8 participants were excluded 
due to technical failure of the sociometric sensors and data from 1 participant was excluded 
because they did not meet the volunteering criteria. During the post-hoc questionnaire, 6 of 
the 131 participants reported suspecting that the study was interested in the effect of teeth 
cleaning on communication. As this represents a small percentage of the total sample, and 
because no participant explicitly identified the manipulation of toothpaste users and non-
users, all participants were included in the analyses. Thus, the final sample size was 131. (We 
report in Supplementary Materials Table 4 all our analyses with these six participants 
removed. All the main effects and interactions remained the same with the exception of the 
secondary analysis of postural movement for H1, which changed from a significant to non-
significant effect. This change is noted below). 
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Manipulation Check 
To determine whether or not variation in participants’ behavior was associated with 
differences in confidence, we examined participants’ self-report as a function of the brushing 
manipulation. A linear model in which confidence ratings made after each interaction were 
examined across brushing condition while controlling for the repeated observations from 
each participant, found that participants reported significantly higher confidence when they 
had used toothpaste (M = 3.48; SD = 1.77) compared to when they had not (M = 3.17; SD = 
1.80), F(1,1043) = 5.14, p = .024, d = 0.40, 95%CI [0.05, 0.75]. This finding is 
complemented by participants’ nervousness ratings, with those who used toothpaste (M = 
5.42; SD = 1.44) reporting lower nervousness than those who had not (M = 5.63; SE = 1.30), 
F(1,1043) = 26.50, p < .001, d = 0.90, 95%CI [0.54, 1.26]. 
An interesting possibility raised by the general sociometer hypothesis (Leary, 
Tambor, Terdal, & Downs, 1995) is that participants’ feelings became magnified over time as 
they become more conscious of their oral hygiene. An analysis of the two self-report scores 
as a function of interaction round and brushing manipulation revealed a non-significant 
decrease in confidence over rounds (MRound1 = 3.48, SD =1.38, to MRound9 = 2.97, SD = 1.92), 
F(8, 1009) = 1.46, p = .168, d = 0.43, 95%CI [-0.27, 1.13], and a significant increase in 
nervousness over rounds (MRound1 = 5.02, SD =1.32, to MRound9 = 6.04, SD = 1.23) F(8, 1009) 
= 2.82, p = .004, d = .60, 95%CI [-0.10, 1.29]. However, neither of these changes in self-
response over time interacted with brushing condition (both F’s < 1). 
Finally, there was no statistically significant difference in the attractiveness ratings 
between participants who used toothpaste (M = -3.67, SD = 24.25) and those who did not (M 
= 3.76, SD = 21.53), t(129) = -.021, p = 0.98. 
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Subjective Preference 
We examined the degree to which participants showed a preference in their post-
experiment responses toward those who had brushed over those who had not. This served as 
a useful comparison to previous research because it mirrors the preferences expressed by 
consumers in other forms of product development (e.g., opinion groups). Participants’ 
ranking of responses to the ‘see again’, ‘similarity’, and ‘avoidance’ questions were scored in 
terms of whether they referred to somebody who had cleaned their teeth (scored as 1.00) 
versus someone who had not (scored as -1.00). Thus, a mean ranking above .00 would 
indicate that participants selected on average participants who had cleaned their teeth, while a 
mean ranking below .00 would indicate that participants on average selected those who had 
not cleaned their teeth. Participants’ preferences could then be tested with a one-sample t-test 
comparison against no preference (i.e., zero). 
Participants reported no significant preference for ‘wishing to talk to again’ those who 
had brushed over those who had not brushed, (M = -.059, SD = .527), t(129) = -1.28, p = 
.205, d = .112, 95%CI [-.29, .06]. Nor did they express a significant preference toward not 
choosing those who had brushed as ‘someone I would prefer to avoid’ compared to those 
who had not brushed, (M = .095, SD = .574), t(118) = 1.81 p = .073, d = .166, 95%CI [-.02, 
.35]. They did, however, rate those who had brushed as being most similar to them than those 
who had not brushed, when they themselves had not brushed (M = .25, SD = .976), t(63) = 
2.049, p = .045, d = .256, 95%CI [.01, .51], but not when they had brushed (M = -.19, SD = 
.990), t(63) = -1.52, p = .135, , d = .192, 95%CI [-.44, .06]. 
Hypothesis Tests 
To test our hypotheses, we used linear mixed-effects regression in R (LMER; Bates, 
Maechler, Bolker, & Walker, 2014) to enable us to model the variance associated with 
repeated interactions (i.e., each participant took part in nine interactions), partner differences 
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(i.e., the extent a participant’s behavior was the result of their partner’s unique behavior), and 
dyad interdependence, without data aggregation (Judd, Westfall, & Kenny, 2012). To do so, 
we employed regressions that modelled as random effects the interdependence of dyad 
observations (i.e., 1 | dyad.number) and the variation in partner’s behavioral contribution, in 
which we nested our participants (i.e., 1 | partner.number/participant.number). Since dyads 
were unique to testing sessions, this approach also captured effect across testing session (an 
assumption we checked by re-modelling with dyad nested in session, which obtained the 
same results as reported below but with variations at the second decimal place).  
Our testing approach thus draws on the principles put forward in the social relations 
modelling literature (Kenny & Kashy, 2011; Snijders & Kenny, 1999) and proponents of 
dyadic data analysis in particular (Knight & Humphreys, 2019). Since we do not specifically 
manipulate group-level effects (i.e., there is no block design), we used the dyad as our unit of 
analysis, while ensuring we modelled the interdependencies across dyads that stem from 
individual differences in behavior. Consistent with the approach of others (Chetverikov & 
Filippova, 2014), we focused on the factor effects for the brushing manipulation and report 
these using Wald F tests (Type 3) with a Kenward–Roger degrees of freedom approximation. 
All Means and SEs reported below are multiplied by 1000 to facilitate presentation. We 
report p-values with our testing but encourage the reader to interpret these cautiously, both 
because they are estimated parameters (Kenward & Rogers, 1997) and because our data 
structure involves a set of repeated measures that limits the independence of our 
observations. 
Individual behavior. To test our prediction (H1) that brushing would reduce displays 
of nervous behavior, we examined body movement as a function of treatment condition. 
Those who had brushed moved less (M = 8.05, SE = .174) than those who had not (M = 8.91, 
SE = .169), F(1, 874.8) = 14.46, p < .001, d = 0.76, 95%CI [0.37, 1.14]. The effect was not 
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moderated by attractiveness, F(1, 929.2) = 2.80, p = .09. The data from the sociometric 
badges enabled the amount of postural shift to be disaggregated from total body movement 
by considering the absolute angular velocity for a badge at every time point. An equivalent 
analysis using posture activity as the Dependent Variable revealed that those who had 
brushed showed less postural movement (M = 3.19, SE = .092) than those who had not (M = 
3.38, SE = .091), F(1, 927.6) = 3.96, p = .047, d = 0.23, 95%CI [0.003, 0.45], and that this 
was not moderated by attractiveness (F < 1). This effect was not significant when our 
analyses excluded the six participants who expressed some awareness of the experiment’s 
purpose (see Supplementary Materials, Table 4). Thus, there is only tentative evidence to 
suggest that the significant differences in overall body movement across conditions 
manifests, in part, as differences in postural ‘engagement.’ 
To test our hypothesis that brushing will lead participants to be more verbally 
assertive (H2), we examined speech volume as a function of treatment condition. There was a 
significant condition x attractiveness interaction, F(1,743.9) = 9.77, p = .002, suggesting that 
there was an effect of brushing on speech volume, but this was a function of participant 
attractiveness. A simple slopes analysis revealed that participants rated by others as low in 
attractiveness (-1SD) were significantly louder when they had brushed compared to when 
they had not brushed (M = .05 vs. -.41), t(134) = 2.89, p = .005, r = .23. This difference was 
not significant for participants rated by others as high in attractiveness (+1SD; M = -.14 vs. 
.06), t(134) = -1.27, p = .207, r = -.10. 
Partner Effects 
To test our prediction that brushing will show interpersonal dominance by over-
talking their interaction partner (H3), we examined the degree of overlapping speech as a 
function of condition, while accounting for participant-partner interdependence and 
attractiveness. This revealed a statistically significant three-way interaction between 
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participant brushing, partner brushing, and attractiveness, F(1,820.0) = 6.51, p = .011. When 
interacting with partners who had not brushed, participants showed a non-significant 
tendency to increase over-talk irrespective of their attractiveness (M = -.027 vs. M = .028). 
When interacting with partners who had brushed, participants low in attractiveness (-1SD) 
over-talked significantly more when they had brushed compared to when they had not (M = 
.23 vs. -.48), t(494) = 2.76, p = .006, r = .357. Participants high in attractiveness (+1SD) 
showed no difference across treatment (M = .25 vs. -.16), t(494) = -1.53, p = .128, r = -.204. 
To test our hypothesis that increased confidence will manifest as greater interpersonal 
influence within interactions (H4), as measured by mimicry, we examined the degree of 
movement mimicry shown by participants and their partners while controlling for participant 
and partner interdependence and attractiveness. An examination of mimicry using the overall 
body movement measure described above revealed no effect of treatment, F < 1, and no 
higher form of interaction between participant-partner condition or with attractiveness. An 
analysis using posture mimicry, however, did reveal non-significant relationships consistent 
with our prediction. Participants who had brushed tended to have their posture mimicked 
more than participants who had not brushed, though this effect showed some evidence of 
being dependent on participant attractiveness, F(1,601.2) =2.86, p = .091. A simple slopes 
analysis suggested that the manipulation of brushing had a larger effect on mimicry for those 
low in attractiveness (M = .19 vs. -.43), t(134) = 1.82, p = .071, r = .030, compared to those 
high in attractiveness (M = -.013 vs. .028), t(134) = -1.28, p = .202, r = -.021. 
Individual Differences 
To test our prediction of individual differences in responsiveness to brushing (H5), 
each of the analyses presented above were repeated with the two individual difference 
measures as covariates. Overall there were no significant effects of self-esteem or self-
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monitoring on participants’ behavior. This is not untypical of behavior that is largely outside 
of conscious control. 
Discussion 
Across verbal and nonverbal measures, a predictable pattern emerged in participants’ 
behavior after brushing or not brushing their teeth. Compared to those who did not brush, 
those who brushed their teeth showed less body movement (H1) and greater verbal 
assertiveness (H2, and H3 for those rated low on attractiveness) in their interactions with 
others. These differences in behavior suggest that using toothpaste led participants to behave 
in ways that are typically associated with greater self-confidence. Indeed, this is what 
participants reported as their subjective experience. Toothpaste users self-reported being 
more confident and less nervous than those who had not used toothpaste. The manipulation 
also had meaningful interpersonal effects, to the point of changing the subjective impression 
of the partner. Users of toothpaste were selected as the person “who is most similar to me” 
more than might be expected by chance. 
These findings offer tentative evidence that oral hygiene can influence behavior in the 
short term, thereby building on evidence of associations between oral hygiene and a person’s 
perceptions and self-confidence (Macgregor, Regis, & Balding, 1997). The results resonate 
with related research, such as studies showing a positive correlation between subjective 
confidence and speech volume (Kimble & Seigel, 1991) and interruptions (Natale, Entin, & 
Jaffe, 1979). Similarly, recent work on deception has shown that nervous liars showed greater 
body movement than truth-tellers (Van Der Zee, Poppe, Taylor, & Anderson, 2019), while 
work on rapport suggests that positivity (e.g., head nodding, forward lean) is associated with 
early efforts to generate rapport (as we found in our non-toothpaste users) (Tickle-Degnen & 
Rosenthal, 1990). Given this consistency with previous work, and participants subjective 
reporting, we can place some certainty in our interpretation that the changes in behavior 
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reflect a differential in confidence after participants brushed their teeth. While changes in 
vocal behavior might be attributed to having a stale or fresh mouth, changes in nonverbal 
behavior cannot easily be explained by such a direct association. 
While this explanation is promising, further evidence is needed before we conclude an 
association between oral hygiene and interpersonal confidence. One reason for this caution is 
statistical. Our round-robin design afforded more points of comparison than a between-
subjects design, but its complexity means that our p-values should be interpreted carefully. 
They are based on degrees of freedom estimates that are likely inflated by the fact that each 
participant is responsible for nine observations. Our modelling is likely to have ensured that 
the effects are estimated well, but the p-values associated with them will be less reliable 
because of all the repeated observations. 
A second reason for caution is methodological. Our participants were asked to refrain 
from normal morning ritual behaviors, such as brushing their teeth or grabbing a coffee. 
While we carefully implemented the study to give participants the impression that our 
requests, including to wear a black t-shirt, were designed to standardize their appearance, and 
while only a few participants guessed that teeth brushing was a manipulation, it would be 
naive to assume our instructions had no effect. It is possible, for example, that some 
participants did not comply with our requests fully, or that the change in routine affected their 
behavior by increasing self-awareness, or even that brushing gave a sense of ‘reward’ not 
afforded to those in the non-brushing condition. Each of these possibilities may act to 
moderate or mediate the association between oral hygiene and behavior. 
Some insights into how participants perceived the experiment were provided by the 
subjective measures. One curious result was the increase in self-reported nervousness over 
the nine interactions, which occurred regardless of whether or not participants had brushed 
their teeth. This is arguably the opposite of what might be expected to occur under the 
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assumption that participants would relax and ‘get into’ the interactions over time. The 
increase in nervousness suggests some un-measured factors led to more self-
conscientiousness over time, perhaps even related to other hygiene issues (e.g., they all 
became hot and sweaty over time). Critically, however, the absence of an interaction with the 
brushing manipulation suggests this increased nervousness was not a result of half of the 
participants realizing the other half had brushed their teeth. 
A second pattern in the data that touches on perceptions pertains to the effects 
observed for attractiveness, which did not occur for self-esteem or self-monitoring. In 
general, participants rated as lower on attractiveness showed greater differences in behavior 
across the toothpaste manipulation (H5). This result may tentatively suggest that self-
awareness regarding personal attractiveness may moderate the effects of hygiene. 
Specifically, those who have learned from experience that others perceive them as attractive 
may be less concerned by not brushing their teeth, while those who are self-aware of others’ 
perceptions may extend this concern to their current state of oral hygiene. 
Overall the data produced by the sociometric badges provided a set of explainable 
findings that are consistent with evidence published in other areas using alternative 
methodologies. This suggests that the device will make a compelling addition to the methods 
used in product development and evaluation. It may be particularly useful because, as our 
analysis of behaviors associated with nervousness shows, the badge is able to capture 
elements of behavior that are typically expressed nonverbally. While our round-robin design 
allowed us to also capture participants’ relative nervousness ratings, these subjective data 
would be more difficult to decipher in simple research designs; thus, it is in this context that 
the sociometric badge may prove particularly valuable. The extent of its value will depend on 
the influence of social signaling relative to contextual factors, such as clothing, that moderate 
first impressions. Our participants did not have access to cues that may play a primary role in 
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social choice (e.g., clothing choice; Grammer, Renninger, & Fischer, 2004), and they had no 
choice in their interaction partners. All of these factors may reduce or magnify the effects 
observed in this study, which may be critical given the small effect sizes. 
In relation to these moderators, it is also important to acknowledge that the longer-
term effects associated with oral hygiene are also unclear from the current study. For 
example, did the effects of brushing persist throughout the day after the experiment? Did any 
of the participants stay in touch after the study, and was this more likely for participants who 
brushed their teeth? Such effects could be investigated through a longitudinal study design 
with periodic follow-up assessments allowing for the measurement of consumer behavior 
over time. However, doing so would be a challenge because of the difficulty of controlling 
usage and other factors that may influence behavior. Alongside this, it will also be important 
to consider the relative impact of different types of products and general hygiene, since doing 
so may help illuminate the reasons why brushing has the effects it does. It will be interesting, 
for example, to determine whether it is the act of brushing, the embodiment of freshness, or 
some other social dynamic that is the driver of users’ changing behavior. From a product 
development perspective, the sociometric badge may provide a variety of behavioral markers 
that are equivalent to people’s experiences of a product. Across a variety of contexts, these 
will allow producers to make business decisions about their products based on differences 
that have significant effects on consumer experience and behavior. 
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Figure 1. Schematic overview of research design 
